Tourism development and environmental degradation in the United States: evidence from wavelet-based analysis by Raza, Syed Ali et al.
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=rcit20
Download by: [University of Sussex Library] Date: 07 June 2016, At: 05:26
Current Issues in Tourism
ISSN: 1368-3500 (Print) 1747-7603 (Online) Journal homepage: http://www.tandfonline.com/loi/rcit20
Tourism development and environmental
degradation in the United States: evidence from
wavelet-based analysis
Syed Ali Raza, Arshian Sharif, Wing Keung Wong & Mohd Zaini Abd Karim
To cite this article: Syed Ali Raza, Arshian Sharif, Wing Keung Wong & Mohd Zaini Abd Karim
(2016): Tourism development and environmental degradation in the United States: evidence
from wavelet-based analysis, Current Issues in Tourism
To link to this article:  http://dx.doi.org/10.1080/13683500.2016.1192587
Published online: 07 Jun 2016.
Submit your article to this journal 
View related articles 
View Crossmark data
CURRENT ISSUES IN METHOD AND PRACTICE
Tourism development and environmental degradation in the United
States: evidence from wavelet-based analysis
Syed Ali Razaa*, Arshian Sharif a, Wing Keung Wongb and Mohd Zaini Abd Karimc
aDepartment of Management Sciences, IQRA University, Karachi 75300, Pakistan; bDepartment
of Economics, Hong Kong Baptist University, Kowloon Tong, Hong Kong, People’s Republic of
China; cOthman Yeop Abdullah Graduate School of Business, Universiti Utara Malaysia, 06010
UUM Sintok, Kedah Darul Aman, Malaysia
(Received 21 January 2016; accepted 18 May 2016)
The recent literatures indicate that the tourism development (TD) has significant
influence over the environmental degradation of both high-tourist-arrival and low-
tourist-arrival countries. This study investigates the empirical influence of TD on
environmental degradation in a high-tourist-arrival economy (i.e. United States),
using the wavelet transform framework. This new methodology enables the
decomposition of time-series at different time–frequencies. In this study, we have
used maximal overlap discrete wavelet transform (MODWT), wavelet covariance,
wavelet correlation, continuous wavelet power spectrum, wavelet coherence spectrum
and wavelet-based Granger causality analysis to analyse the relationship between TD
and CO2 emission in the United States by using the monthly data from the period of
1996(1) to 2015(3). Results indicate that TD is majorly having the positive influence
over CE in short, medium and long run. We find the unidirectional influence of TD
on CE in short run, medium and long run in the United States.
Keywords: discrete wavelet analysis; wavelet coherence; tourism development;
environmental degradation; United States
1. Introduction
Tourism is a phenomena of travel, travel for leisure, recreation, exploration, religious,
family or business purpose for a limited time period. In present world, tourism is a main
cause of income for different countries that enhances the economy of both guest and
host countries. Tourism statistics have witnessed the increase in international arrivals and
departures especially in last decade. The number of international tourist arrival trips
increased from 675,277,000 to 1,004,681,000 during the period of 1999–2011. Likewise,
international tourist departure trips improved from 590,511,000 to 858,913,000 over the
same period of time (Euromonitor International, 2013). In 2008, the tourism sector contrib-
utes 9.9% of the world gross domestic product and is expected to increase to 10.5% by the
completion of 2018 (World Tourism Organization [WTO], 2013).
There exist many factors that may influence international travels. The critical ones are
growth in the relationship between countries, enhancement in the consumer confidence
across the emerging nations, increasing level of travel discounts and promotions, rise in
the level of disposable income, reduction in hotel prices, surge in tourism packages,
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political stability, removal of the monetary taxes on tourist departure and the availability of
information regarding travel products via Internet and social media. Tourism brings large
sum of money in a domestic economy in the form of payment given by tourists for the
goods and services. It also generates employment opportunity in the service sector linked
with tourism. The most common beneficiary in this regard is the service industry, which
includes transportation services (such as taxicabs, cruise ships and airlines), the hospitality
service (such as hotels and resorts), entertainment venues (such as theatres, shopping malls,
amusement parks, casinos). Benefits of the tourism bring growth to these industries, which
ultimately are reflected in increased income levels of the host country.
Many studies in the past have shown that tourism enhancement has a positive impact on
the economic development of both developing and developed countries (Cortes-Jimenez &
Pulina, 2010; Tang, 2011; Tang & Abosedra, 2014; WTO, 2013). Tourist arrival and depar-
ture have a positive influence on employment, government income and production in the
tourist purposes. Palmer and Riera (2003) suggest that tourism is an approach of overseas
currency which supports the exterior equilibrium of the tourist economy. However, notwith-
standing these positive effects, tourism is considered as a substantial contributor to the
environmental problem, mainly to climate adjustment. In 2005, the involvement of
tourism for climate change was calculated among 5.2–12.5% (Scott, Peeters, & Gössling,
2010).
Energy consumption is determined as a main source of economic growth and carbon
dioxide emission in the world (Bashir, Nasim, & Ismail, 2016; Nathan, Liew, & Wong,
2016; Raza, Shahbaz, & Nguyen, 2015; Sharif & Raza, 2016). The primary sources for gen-
erating carbon dioxide (CO2) are roasting of vestige oil. The world faced continuous
increase in CO2 emission, grown by the rate of 6% annually over the period of 1990–
2008 (Boden, Marland, & Andres, 2011). In the list of top 20 national CO2 emitters, the
UK, Spain, France and Italy are in the lead position. The total CO2 emission has reached
to 712 million metric tons only in European United countries in the year 2008. The
mean CO2 per capita in 27 EU countries is 8.58 metric tons. Carbon dioxide productions
from all energy sources have enhanced over the period of interval. By the end of 2035,
tourism CO2 would rise by 130% (UNWTO-UNEP-WMO, 2008). Gössling (2002)
claimed tourism can have an influence on environmental problems over various channels.
Firstly, tourist infrastructure development is commonly a significant element in the land
alteration process. Land modification is one the key factor for the discharging of greenhouse
fumes (Intergovernmental Panel on Climate Change [IPCC], 2001). Secondly, arrival and
departure of tourist enhance the usage of energy in transportation. Thirdly, international
tourist adds to the interchange and spreading of disease. Hence, the environmental
matters are difficult in nature and exceed nationwide borders.
The role of tourism in vigorous economic growth can only be appreciated if consider-
ation to ruminate CO2 emission, climate variation and environmental problems are made
along with endorsing development of tourism industry. Thus, the increase of tourism sig-
nificance also raises queries for policy-makers about the finest exercise to enhance econ-
omic development and condense CO2 emission.
The main focus of the present study is to apply the continuous wavelet transmute to
reexamine the association among tourist arrivals and CO2 emission. Precisely, the
present study applies three cross-wavelet tools and the continuous wavelet power spectrum.
The three cross-wavelet tools used in this study are included the wavelet transform, the
cross-wavelet power spectrum and the coherency of cross-wavelet. The method we
utilize can support to exhume some economic time–frequency associations that have not
been apprehended so far. In simple and easy words, the continuous wavelet transform



































provides a more in-depth details about the causal relationship by dividing the time series of
each variable in various time frequency scales (Dominguez & Frankel, 1993; Dornbusch &
Fischer, 1980). The present study explores the causal and reverse causal association
between tourist arrivals and CO2 emission in the United States. The evidence gives pro-
vision to both cyclical and anti-cyclical association among the series. The present study
finds tourist arrivals to lag and receive cyclic effect from CO2 emission at higher time
scales over the study period.
The outcomes are therefore pioneer attempt and may give a new understanding about
the causal linkage between tourist arrivals and CO2 emission in the United States. The
methodology we utilize has prospered in seizing the instantaneous effect of the two
models and then support to identify the bidirectional causality at various time span.
Along with this, the current study contributes to the existing literature in three different
aspects. Primarily, this is the pioneer attempt which has utilized the methodology to
certain economic time series. Furthermore, the use of sophisticated wavelet methodology
is also a methodological contribution of this study. Finally, this is the initial study on
United States of America. In the light of global interest in the US economy, educational
investigation into the relationship among the series is not only appropriate, but possibly
long overdue.
The continent Americas has the highest comparative growth rate (+8%) through all
regions in the world over the recent years (UNWTO, 2015 Edition)1. The United States
is welcoming more than 13 million international tourists in the American region. Inter-
national tourism receipts have crossed to US$ 274 billion, a growth of 3% in real terms
in the region. Share of this region is increased by 16% of worldwide arrivals, whereas its
receipts share has increased by 22%. The two-third percentage of tourist arrivals usually
land in the continent of North America. The growth of the United States of America in
tourist arrival is (+7%), being the highest destination in the continent and the world’s
second largest destination in the year of 2014. The United States is the highest ranked
country in the Americas and fourth globally in terms of tourist arrivals. It welcomed a
record 74 million international visitors in 2014 (UNWTO Tourism Highlights, 2015
Edition). According to the report of UNWTO (2015), a healthy 6% rise in tourism expen-
diture has been seen in the United States of America.
The remaining of the paper is organized as follows: Section 2 elaborates the empirical
studies covered on tourism and CO2 emission. Section 3 explains the framework model,
while Section 4 discusses the results and finding. In the end, Section 5 advises the con-
clusion and strong policy implications.
2. Literature review
Very limited studies have been done in the past to investigate the relationship between CO2
emission and tourism. These studies provided very contrasting evidence on the correlation
between CO2 emission and tourism. Furthermore, the tri-variate relationship between
tourism, economic growth and carbon dioxide emission is discussed in the below available
empirical literature.
2.1. Tourism and economic growth
Past studies showed that in EU countries, tourism has significant positive effects on econ-
omic growth (Albalate & Bel, 2010; Holzner, 2011). These findings are consistent with the
results found in Austria (Falk, 2010), Eastern Europe (Hall, 1998), Greece (Dritsakis,



































2004), Italy (Bernini, 2009) and the UK (Blackstock, White, McCrum, Scott, & Hunter,
2008). All the results discussed above have concluded that tourism leads to betterment in
economic growth in the long run. Mihalic (2002) argued that tourism, as a growing
tactic associated with the export of goods and services, generates numerous benefits. In
this respect, Sahli and Nowak (2007) testified that several governments are involved in
tourism expansion with the aim of rise in economic growth.
The prime source of generating exports’ revenue and foreign exchange earnings is inter-
national tourism. The foremost advantages achieved from tourism include income, employ-
ment and foreign exchange earnings (Archer, 1995; West, 1993). Lee and Chang (2008)
suggested that tourism enlargement encourages the growth of the sector and also produces
the overall progress of the countries. Moreover, Sequeira and Maçãs Nunes (2008), Tang
and Jang (2009) and Holzner (2011) summarized that tourism can enhance the improve-
ment of further businesses and overall economy too. Katircioǧlu (2011) empirically
examine the tourism and economic growth by using time series data from 1960 to 2007.
Results of conditional Granger causality confirm that there exists a unidirectional causal
relationship from tourism to economic growth in Singapore.
2.2. Economic growth and CO2 emissions
Archaeologically, it has been proved that there is a negative connection between economic
growth and CO2 emissions. The core idea behind this theoretical base suggests that when
economies shift upward, they help to reduce the environment (Adams & Jeanrenaud, 2008).
Some recent results have shown the time series dynamics among CO2 emission and growth
to understand the track of causality (Akbostancı, Türüt-Aşık, & Tunç, 2009; Coondoo &
Dinda, 2008; Lee & Lee, 2009; Luzzati & Orsini, 2009). The observed outcomes in con-
sidering the scenario appeared to be inappropriate. Consequently, the consistency of
these estimations has been challenged on some practical grounds (Harbaugh, Levinson,
& Wilson, 2002; Millimet, List, & Stengos, 2003).
Furthermore, many studies taking time series established less healthy correlation among
both per capita of GDP and CO2 emission. Moomaw and Unruh (1997) examined the
relationship between oil price shock, GDP growth and per capita emission in OECD
countries. Results explained that per capital GDP explain maximum variation in per
capita emission. Additionally, Wilbanks (2003) and Swart, Robinson, and Cohen (2003)
have presented the association among sustainable improvement and climate variation by
the importance on the degree to which climate change control can have so-called co-
benefits.
2.3. Tourism and CO2 emissions
In the past years, many studies have been done on investigating the relationship among
tourism and pollution (Bakhat & Rossello, 2011; Becken, 2002; Dredge, 2012; Dubois
& Ceron, 2006; Dubois, Peeters, Ceron, & Gossling, 2011; Gössling, 2002; Holden,
2000; Kent, Newnham, & Essex, 2002; Kort et al., 2002; Lin & Hemmington, 1997;
Peeters & Dubois, 2010; Perch-Nielsen, Sesartic, & Stucki, 2010; Romeril, 1998; Scott
et al., 2010; Tabatchnaia-Tamirisa, Loke, Leung, & Tucker, 1997). Some of them have ana-
lysed the relationship among tourism arrival and departure with pollution affected by the
transportation industry because majority of the pollution begins to occur by transportation
that is endorsed to tourism (Byrnes & Warnken, 2006; Gössling, 2002; Howitt, Revol,
Smith, & Rodger, 2010; Lin, 2010; Scott et al., 2010). Moreover, Gössling (2002)



































argued that the transportation sector is accountable for approximately 94% of the total con-
tribution of tourism to global warming.
There are some studies that investigate the impact of tourism on CO2 emissions. Peeters,
Szimba, and Duijnisveld (2007) explore that intercontinental and air transportation tourism
enhanced air pollution. Along with this, Howitt et al. (2010) identify the relationship of CO2
emission with journeys to and from New Zealand by cruise ship. Results suggested that tra-
velling through the ship is a more carbon-severe approach of international transport than
flying.
Furthermore, Byrnes and Warnken (2006) examined the total and per capita energy and
greenhouse gas contribution related to TBO (tour boat operations) in Australia. Results
explained that total greenhouse gas for TBO is around 0.1% of the transport industry.
Lin (2010) investigates the CO2 emission of five different national parks. Results
showed that CO2 produced from the private cars are extraordinary. Moreover, CO2 emis-
sions per capita are different in every national park.
Using pooled data, Al-Mulali, Fereidouni, and Mohammed (2014) examines the
relationship between tourism and CO2 emission of 48 tourism destinations from the
period of 1995–2009. Co-integration explained that there is a long-run association exists
among tourism and CO2 in Asia, Africa, Americas and the Middle East. Nonetheless, no
long-run relationship exists between tourism and CO2 emission in European regions. In
addition, while exploring the places, tourists are mostly selective in driving the vehicles
they have; this affects large environmental damage (Black, 2004; Gössling, 2002; Gössling,
Hansson, Horstmeier, & Saggel, 2002; Høyer, 2000).
Tovar and Lockwood (2008) showed that tourism has a significantly impact on environ-
mental fragmentation, negative cultural and social impacts and environmental deprivation.
Hall and Lew (1998) analysed that pitiable planning to control tourists has destroyed the
social and natural culture of many tourist destinations. Scott et al. (2010) scrutinized the
relationship between tourism and CO2 emission. Results suggested that the tourism
sector can contribute more in producing greenhouse gases in the future. Lee and Brahmas-
rene (2013) investigated the impact of tourism on CO2 emission and economic growth of
European Union countries by using panel data from 1988 to 2009. Results revealed that a
long-run relationship exists between the variables. The study also concludes that tourism
has a negative and significant impact on CO2 emission.
Furthermore, Solarin (2014) investigated the determinants of CO2 emission along with
macroeconomic variables and tourist arrival in Malaysia. The variables used were financial
development, energy consumption, urbanization and real GDP. The results suggested that
there is long-run relationship exists between the series and positive unidirectional causality
is running from tourist arrivals to CO2 emission. The study recommended that policy-maker
should focus on the cleaner energy programmes in their TDP (tourism development (TD)
policies). Along with this, Durbarry and Seetanah (2014) examined the impact of tourist
arrival on CO2 emission by using time series data of Mauritius over the period of 1978–
2011. The results of ARDL approach confirmed that tourist arrivals have a positive and sig-
nificant impact on CO2 emission in both long and short run.
Katircioglu (2014) empirically identify the relationship between causal relationship
between tourism and carbon dioxide emission. The results confirmed that there is uni-
directional causal relationship between tourism and carbon dioxide emission which is
running from TD to CO2 emission. Furthermore, the results also confirm that TD has a
negative and significant impact on CO2 emission in Singapore. Another remarkable
study has been done by Katircioglu (2014). In this study, higher education is used for
student tourism in North Cyprus. Result of this study concluded that student tourism has



































a positive and significant impact on country’s growth. Additionally, Katircioglu, Feridun,
and Kilinc (2014) examine the causal relationship between tourism, energy consumption
and CO2 emission in Cyprus. Results of conditional Granger causality revealed that
tourism is a catalyst for energy consumption, which ultimately increase the level of CO2
in Cyprus. They further suggest that protection measurement in the TD should be set,
which will help in the sustainability of tourism growth.
Along with this, De Vita, Katircioglu, Altinay, Fethi, and Mercan (2015) examine the
relationship of TD and CO2 emission in Turkey by using annual time series data from
1960 to 2009. Results recommended that tourist arrivals, growth and energy consumption
have a positive and significant impact on CO2 emission in Turkey. Thus, it can be rec-
ommended that government needs to pay more attention towards environmental protection
policy, which eventually enhances tourism-led growth.
3. Data and methodology
The data sets consider in this study consists of monthly observation of TD, which is
measured by number of tourist arrivals and environmental degradation, which is measured
by CO2 emission (CE) for the United States (US). The data for the total number of tourist
arrival in the United States are gathered from the official website of National Travel &
Tourism Office of the United States. The data for the carbon dioxide emission in million
metric tons of carbon dioxide for the United States are gathered from the official website
of US Energy Information Administration (EIA). We have a sample of 231 monthly obser-
vations from 1996(1) to 2015(3). The data are converted in the logarithmic difference series
in order to obtain the return-series to make our findings more comparable. We estimate the
long-run relationship between TD and CE by using the two traditional co-integration
methods, namely Autoregressive distributed lag (ARDL) method (Pesaran & Pesaran,
1997; Pesaran & Shin, 1998; Pesaran et al., 2000, 2001) for cointegration and the Johansen
and Juselius’s (1990) cointegration method. The experiential equation of the ARDL model
is given below.






DTDt−1 + g1CEt−1 + g2TDt−1 + mt, (19)
where c0is a constant, and mt is a white noise error term. The error correction dynamic
is taken by the variables related to the summation symbols, whereas the other part of the
equation indicates the long-run relationship. Schwarz Bayesian Criteria (SBC) is taken to
examine the optimum and maximum numbers lags of the model and all series. The Johan-
sen and Juselius cointegration technique is constructed on ltrace and lmaxstatistics. The main





lmax = −N ln(1− lr+1). (21)
where the null hypothesis is r = g beside the alternative hypothesis r ≤ g. The null
hypothesis in the Johansen and Juselius (1990) cointegration test is that there exists no
long-run relationship between the variables. Table 3 and Table 4 present the results of



































ARDL and Johansen and Juselius co-integration methods. Results of both tests indicate that
there exists a significant long-run relationship between TD and environmental degradation
in the United States. Now, we move to analyse the relationship between TD and CE through
wavelet analysis, after confirming the valid long-run relationship between both considered
variables.
3.1. A brief note on wavelet approach
The limitations of the Fourier transform were overcame by the wavelet transform approach.
To use the Fourier2 transform the basic condition is that the time series should be periodic
and assumes that the rate of recurrence do not change in time, etc.3 However, in wavelet
transform its display is adjusted regularly to high or low frequency. The reason behind
this is, at high frequency it uses the short window and the dilatation or time compression,
rather than a deviation of frequency in the modulated signal, which is achieved by separ-
ating the time axis into a sequence of successively smaller segments. The discrete
wavelet transform (DWT) changes a time series by dividing it into time domain segment
termed as frequency ‘bands’ or ‘scales’. These scales signify the progressivity of the vari-
ations in the frequency, i.e. the largest scales show the progressively low-frequency vari-
ations whereas the shortest scale shows the progressively high-frequency variations
(Tiwari, Dar, & Bhanja, 2013).
In nay wavelet family, the basic wavelets are sub-divided into two types (father wave-
lets fand mother wavelet c) and can be denoted as follows:
∫
w(t)dt = 1, (1)
∫
c(t)dt = 0. (2)
The father wavelets are used for the low-frequency parts of the signal and also for the
trend components, whereas the mother wavelets are used for the high-frequency parts and
also for deviation from the trend. The obtained wavelet base can be given respectively by
the pair of functions:
w j,k(t) = 2 j/2w(2jt − k), (3)
cj,k(t) = 2j/2c(2jt − k). (4)
where j = 1, . . . , J indexes the scale and k = 1, . . . , 2j indexes the translation. The
parameter j is used as the parameter of dilation of the waves’ functions. This parameter j
adjusts the support of c j,k(t) in order to locally capture the characteristics of low or high
frequencies. The parameter k is used to relocate the wavelets in the temporal scale. The
maximum number of scales that can be considered in the analysis is limited by the
number of observations (T ≥ 2J ).
The wavelet expansion has one special property that is the localization property, that is
the coefficient of c j,k(t) reveals the information content of the function at approximate
location k2−j and frequency 2j. In the literature, a number of wavelet families have been
introduced in which majority focuses on the orthogonal wavelets such as Daublets,



































Symmlets and Coiflets. A time series f (t) can be expanded over the wavelet basis, uniquely,










d j,kc j,k(t), j = 1, . . . , J . (5)
where f j,k is a scaling function with the corresponding coarse scale coefficients s j,k and
d j,k are the detail (fine scale) coefficients given, respectively by s j,k =

f (t)f j,k(t)dt and
d j,k =

f (t)c j,k(t)dt. These coefficients give a measure of the contribution of the corre-
sponding wavelet to the function. The detail coefficients, d j,k , represent increasing finer
scale deviation from the smooth trend and s j,k , which represents the smooth coefficient
and capture the trend. The wavelet series approximation of the original series f (t) can be
expressed as follows:
f (t) = SJ (t)+ DJ (t)+ DJ−1(t)+ · · · + D1(t). (6)
This expression represents the decomposition of f (t) into orthogonal components at
different resolutions and constitutes the so-called wavelet multi-resolution analysis
(decomposition) (MRA), where the series SJ (t) =
∑
k
sJ ,kfJ ,k(t) provides a smooth of orig-
inal time series f (t) and signifies the approximation that captures the long-term properties
(i.e. the low-frequency dynamics), and the series Dj(t) =
∑
k
d j,kc j,k(t) refer to wavelet
details and capture local variations (i.e. the higher frequency characteristics) over the
whole period of f (t) at each scale.
3.2. Wavelet analysis of coherence and phase spectra
Whitcher and Craigmile (2004) and Whitcher et al. (2005) introduced the maximum
overlap discrete Hilbert wavelet transform (MODHWT) to examine the multiscale coher-
ence and phase properties of time-varying non-stationary processes. The MODHWT is
applied by using a pair of father wavelet and mother wavelets filters based on Hilbert
wavelet pairs (HWP)4 and uses the maximum overlap version of the dual-tree complex
wavelet transform. Let {h̃
1
l } and {g̃
1
l } be a couple of father and mother wavelet filters,
respectively of w1(t) and c1(t). c1(t) is the Hilbert transform of c(t) if:
C1(X ) = −iC(X ), X . 0,
iC(X ), X , 0,
{
(11)
where C(X ) and C1(X ) are the Fourier transform of c(t) and c1(t), respectively.
The MODHWT uses a non-decimated pair of wavelet (and scaling) filters. As a result,
two sequences of coefficients are obtained, which are the real and imaginary parts of the
final wavelet coefficients, such that
˜̃h j,l = h̃ j,l + ih̃1j,l, (12)
˜̃gj,l = g̃j,l + ig̃1j,l, (13)











































˜̃gl,jXt−jmod N = ṽj,t + iṽ1j,t, t = 0, . . . , N − 1. (15)
Let ( ˜̃wXj,t,
˜̃wYj,t), j = 1, . . . , J , denote the MODHWT coefficients of (X (t), Y (t)). The
time-varying cross spectrum of the bivariate time series X (t) and Y (t) is as follows:
SXY (lj, t) = E[ ˜̃wXj, t ˜̃wYj,t] = QXY (lj, t)− iQXY (lj, t), (16)
where CXY (lj, t) = <{SXY (lj, t)} and QXY (lj, t) = −ℑ{SXY (lj, t)} denote the time-
varying cospectrum and quadrature spectrum, respectively.
Let AXY (lj, t) = |SXY (lj, t)| = [C2XY (lj, t)+ Q2XY (lj, t)]1/2 be the cross amplitude spec-
trum. The time-varying phase spectrum is
uXY (lj, t) = arctan −QXY (lj, t)CXY (lj, t)
[ ]
. (17)
Following Whitcher et al. (2005), the time-varying magnitude squared coherence is
given by
KXY (lj, t) = A
2
XY (lj, t)
SX (lj, t)SY (lj, t)
, (18)
where SX (lj, t) = E| ˜̃wXj,t|2 and SY (lj, t2) = E| ˜̃wYj,t|2. KXY (lj, t) is a normalized and
squared version of the time-varying cross spectrum.5
4. Empirical analysis
As stated earlier, the objective of this research is to analyse the impact of TD on environ-
mental degradation in one of the leading tourist destinations of the world. In Figure 1, we
plot the difference time series of TD and CE for the United States.
We can see the significant fluctuations in the real difference series of both variables TD
and CE. We observe that in monthly observations there are important changes in both series
throughout the sample. We use wavelet-based unit root test by Fan and Gençay (2010),
Augmented Dickey–Fuller (ADF) (Dicky & Fuller, 1979) and Phillips and Perron (PP)
(Phillips & Perron, 1988) unit roots tests to judge the stationary properties of both series
TD and CE. Results of unit root tests are reported in Table 1 and Table 2. Results of all
three unit root tests suggest that the series of TD and CE are non-stationary at level, but
they become stationary at first difference. These findings suggest that there is no issue of
unit root problem in our both variables. Furthermore, we estimate the long-run relationship
between TD and CE by using the two traditional co-integration methods, namely Autore-
gressive distributed lag (ARDL) method (Pesaran & Pesaran, 1997; Pesaran & Shin, 1998;
Pesaran, Shin, & Smith 2000, 2001) for cointegration and Johansen and Juselius’s (1990)



































Figure 1. Real difference series of tourist arrivals and CO2 emission for the United States.
Table 1. Stationary test results.
Variables
Augmented Dickey–Fuller Phillips–Perron
I(0) I(1) I(0) I(1)
C C&T C C&T C C&T C C&T
TD −0.25 −1.84 −3.99 −4.11 −0.05 −1.16 −7.51 −7.49
CE −2.41 −2.34 −7.58 −7.58 −0.13 −1.31 −7.55 −7.54
Note: The critical values for ADF and PP tests with constant (c) and with constant & trend (C&T) 1%, 5% and 10%
level of significance are −3.711, −2.981, −2.629 and −4.394, −3.612, −3.243, respectively.
Source: Authors’ estimation.





Test statistics Test statistics
Lag = 10 Lag = 20 Lag = 25 Lag = 10 Lag = 20 Lag = 25
TD −73.089 −83.231 −73.514 −66.857 −75.089 −67.202
CE −76.125 −64.267 −68.134 −73.341 −73.463 −78.551
*All variables are significant at the 1% level.



































cointegration method. The experiential equation of the ARDL model is given below.






DTDt−1 + g1CEt−1 + g2TDt−1
+ mt, (19)
where c0is a constant while, mt is a white noise error term. The error correction
dynamic is taken by the variables related to the summation symbols, whereas the other
part of the equation indicates the long-run relationship. Schwarz Bayesian Criteria (SBC)
is taken to examine the optimum and maximum numbers lags of the model and all
series. The Johansen and Juselius cointegration technique is constructed on ltrace and





lmax = −N ln(1− lr+1) (21)
where the null hypothesis is r = gbeside the alternative hypothesis r ≤ g. The null
hypothesis in the Johansen and Juselius (1990) cointegration test is that there is no long-
run relationship exists between the variables. Table 3 and Table 4 present the results of
ARDL and Johansen and Juselius co-integration methods. Results of both tests indicate















None * 33.848 20.262 0.000 33.378 15.892 0.000
At most 1 0.471 9.165 0.996 0.471 9.165 0.996
Source: Authors’ estimation.
Table 4. Lag length selection and bound testing for cointegration.
Lags order AIC HQ SBC F-test statistics
0 −5.798 −5.786 −5.768 92.589*
1 −7.970 −7.933 −7.878
2 −8.243 −8.181 −8.090
3 −8.369 −8.283 −8.156
4 −8.46 −8.353 −8.189
5 −8.92 −8.785 −8.585
6 −9.23 −9.073 −8.836
7 −9.88 −9.695 −9.422
8 −10.11* −9.90* −9.59*
*Significant at the 1% level.
Source: Authors’ estimation.



































that there exists a significant long-run relationship between TD and environmental degra-
dation in the United States. Now, we move to analyse the relationship between TD and
CE through wavelet analysis, after confirming the valid long-run relationship between
both considered variables.
4.1. Wavelet decomposition
In the recent literature, there are very few studies have been done to analyse the relationship
between TD and environmental degradation in developed or developing economies. Galle-
gati, Gallegati, Ramsey, and emmler (2011) argue that in the datasets of different variables
there are many periods, and not just the two can represent the appropriate time scales in the
particular analysis. Consequently, to study the relationship between TD and CE, we use
time–frequency-based approach ‘wavelets’ to study the different time horizon in the time
series. Wavelets consider the problem of non-stationarity as an intrinsic property of data
rather than a problem to be solved by the pre-processing of the data. Figures 2 and 3 illus-
trate the multi-resolution analysis (MRA) of order J = 6for the TD and EC by using the
maximal overlap discrete wavelet transform (MODWT) based upon the Daubechies
(1992)’s least asymmetric (LA) wavelet filter.6 In both above-discussed figures, we plot
the orthogonal components (D1, D2, . . . , D6) to show the different frequency components
of the original series in details and a smoothed component (S6). Results show that the high
frequencies are found in the short period of both series. Moreover, the variation in the both
series becomes more stable in the longer periods.
Hence, we discussed the decomposition of both variables, now we analyse the relative
importance of short-, medium- and long-term dynamics by using the energy of each scale of
both variables. The energy is analogous to the variance of each detail level, and it is shown
as a percentage of overall energy. Table 5 presents the energy explanation of TD and EC at
each scale. We discuss all movements by making the four major periods, namely (D1 + D2)
represents the short run, (D3 + D4) represents the medium run and (D5 + D6) represents
long run and (S6) represents very long run. Results indicate that in TD series the short
run explains most of the variance. The variance in the series of TD is occurred 85.04%,
14.64%, 0.23% and 0.09% in short, medium, long and very long run, respectively.
Whereas the variance in the series of carbon dioxide emission is occurred 94.33%,
5.48%, 0.12% and 0.07% in short, medium, long and very long run, respectively. These
results suggest that the variance in both series generally occur in the short and medium
run, while in the long run the variance is become more stable.
Figure 4 represents the energy crystal distribution of both series, i.e. TD and environmental
degradation. The crystal energy distribution is a box plot based on MODWT technique.
Results explain that the most of the energy is contained in the crystals of D1, D2 and D3 of
around 98% for TD and 99% for CE. The crystal of each scale is used as a basis for decom-
posing the variance of a given series into variances and covariances at different scales.
The association between TD and CE is first examined by MODWT-based wavelet
covariance analysis, which indicates the covariance between two variables in a particular
time scale. Figure 5 shows the results of wavelet covariance between TD and CE.
Results indicate that the positive covariance exists between TD and CE in the short and
medium run, while there is no covariance exist in the long and very long run in the
United States. These results confirm that TD positively hit the environmental degradation
in short and medium run. Figure 5 also shows the results of wavelet correlation between TD
and CE. Results indicate the positive and strong correlation between TD and CE in the
short, medium and long run in the United States. These findings conclude that the TD or



































Figure 2. MODWT decomposition of TD on J = 6 wavelet levels.



































increase in the number of tourist arrivals has a significant effect to increase the environ-
mental degradation in short, medium and long run in the United States. These findings con-
clude that the TD is a main factor to increase CO2 emission in the United States.
Figure 3. MODWT decomposition of CE on J = 6 wavelet levels.



































4.2. Continuous wavelets transform
The major contribution of DWTanalysis is the combination of time and frequency analysis,
but the interpretation is not so easy because the frequency information has different resol-
ution at each stage. The continuous wavelet analysis is comparatively easier to interpret
Figure 4. Crystal energy distribution for the TD and CE.
Table 5. Energy Decomposition for the TD and CE.
Wavelet Scales TD (%) CE (%)
D1 (2–4-month cycles) 56.98 81.76
D2 (4–8-month cycles) 28.06 12.57
D3 (8–16-month cycles) 13.31 5.00
D4 (16–32-month cycles) 1.33 0.48
D5 (32–64-month cycles) 0.18 0.08
D6 (64–128-month cycles) 0.05 0.04
S6 (above 128-month cycles) 0.09 0.07
Source: Authors’ estimations.



































because it provides more visible frequency information. Therefore, to ascertain the find-
ings of MODWT, we also use continuous wavelet analysis on the relationship of TD and
carbon dioxide emission. Figure 6 presents the continuous wavelet power spectrum of
both series.
The continuous wavelet power spectrum shows the movements of the series in a three-
dimension contour plot: time, frequency and colour code. Figure 6 clearly indicates that in
both series TD and CE have different characteristics in different time–frequency domains.
Results indicate that in the case of TD we observe comparatively a quite stable variance in
the long and very long run when compared to short and medium run. We also observe the
strong variance for the small and medium scale. These findings suggest that the variance in
the TD mainly occur in the short and medium run. These findings are also consistent with
the findings of MODWT with the variance of 99.68% in short and medium run. Results
indicate that in the case of CE we again observe a significant high variance in the short
and medium run. These findings suggest that the variance in the CE certainty also occur
in the short and medium run. These results are also consistent with the findings of
MODWT with the variance of 99.81% in the short and medium run.
4.3. Wavelet coherence transform
We use wavelet coherence transform to identify the presence of cause-and-effect relation-
ship between TD and CE in the United States. The wavelet coherence provides the common
power (features) and relative phase of different time series in available time–frequency
space. The cone of influence (COI) tests is also considered to analyse the anti-cyclical
relationship between TD and CE. Figure 7 presents the wavelet coherence power spectrum
between TD and environmental degradation in the United States.
We have discussed the findings of wavelet coherence on the bases of our earlier decided
four major periods, namely; (D1 + D2) represents the short run, (D3 + D4) represents the
medium run, (D5 + D6) represents long run and (S6) represents very long run. Results indi-
cate that a significant causal relationship exists between TD and CO2 emission in short,
medium and long run. First, we discuss the findings of short run; we observe the several
different situations of in-phase relationship. From 2002 to 2007, we see an in-phase
Figure 5. Wavelet covariance and correlation between TD and CE in the United States.
Note: The upper and lower bound are represented with ‘U’ and ‘L’, respectively at the 95% confidence
interval. The black dotted line represents the covariance and correlation among TD and carbon
dioxide emission in the United States.



































situation where TD is leading (TD has a causal influence over CE). In the medium and long
run, we observe the in-phase relationship between TD and CE for the entire period, where
TD is leading. These findings of wavelet coherence approach confirm that TD is majorly
having the positive influence over CE in short, medium and long run. We find the uni-
directional influence of TD on CE in short run, medium and long run in the United
States. These findings are also consistent with the findings of wavelet correlation. Further-
more, these findings are also consistent with the past studies which endorse the uni-
directional effect of TD on environmental degradation (Howitt et al., 2010; Katircioglu,
2014a, 2014b; Katircioglu et al., 2014; Scott et al., 2010; Solarin, 2014; De Vita et al.,
2015).
4.4. Wavelet-based granger causality analysis
We use wavelet-based Granger causality analysis by using the time–frequency band of
wavelet transform (MODWT) to analyse the causal relationship between TD and CE.
Table 6 presented the results of Granger causality across frequency ranges and time scales.
Figure 6. Continuous wavelet power spectra of the TD and CE.
Note: The thick black contour represents the 5% significance level against the red noise. The colour
code for power ranges from blue (low power) to red (high power).



































The granger causality test based on MODWT provides us the opportunity to analyse
that either TD cause the change in high, medium and low frequencies of the CE series.
The empirical results of Table 6 indicate that the raw series of TD has unidirectional influ-
ence over raw series of CO2 emission in the United States. Results also show the uni-
directional causal influence of TD on environmental degradation in short, medium and
long run. These findings are consistent with the findings of wavelet correlation, and
wavelet coherence transform. Furthermore, these findings are also consistent with the
past studies which endorse the unidirectional effect of TD on environmental degradation
Figure 7. Wavelet Coherence between TD and CE in the United States.
Note: The thick black contour represents the 5% significance level against the red noise. The colour
code for power ranges from blue (low power) to red (high power).




















H0: TD does not cause carbon dioxide emission
0.0000 0.0321 0.0105 0.0000 0.0000 0.0000 0.0000 0.0334
H0: Carbon dioxide emission does not cause TD
0.1581 0.1168 0.3944 0.1296 0.8356 0.167 0.4973 0.2594
Note: p-values for the F-test show the rejection of null hypothesis of no causality (i.e. if p-values <.10, we accept
the causality at the 10% significance level).
Source: Authors’ estimations.



































(Howitt et al., 2010; Katircioglu, 2014a, 2014b; Katircioglu et al., 2014; Scott et al., 2010;
Solarin, 2014; De Vita et al., 2015).
5. Conclusion and recommendation
The recent literature indicates that the TD has a significant influence over the environmental
degradation of both high-tourist-arrival and low-tourist-arrival countries. The results of the
past studies are very mixed and contradictory. Past studies used classical analysis methods
based on autoregressive models, linear models or cointegration models, which are prone to
the problems of non-stationary. Due to that concern, we have used the wavelet transform
framework to analyse the relationship between TD and environmental degradation in the
United States. This new methodology enables the decomposition of time series at different
time–frequencies and provides the specific results for the different time–frequencies based
on short, medium, long and very long run. In this study, we have used MODWT, wavelet
covariance, wavelet correlation, continuous wavelet power spectrum, wavelet coherence
spectrum and wavelet-based granger causality analysis to analyse the relationship
between TD and CE in the United States by using the monthly data from the period of
1996(1) to 2015(3).
Results of wavelet-based unit root test by Fan and Gençay (2010), ADF and PP unit root
tests indicate that there is no problem of stationary in the series for the complete period.
Results of ARDL and Johansen–Juselius cointegration suggest the significant long-run
relationship between TD and CE in the United States. The results of energy distribution
show that in the TD and CE series the short and medium run explains most of the variance.
The findings of wavelet covariance and correlation suggest that the positive and significant
relationship between TD and CO2 emission in short, medium and long run in the United
States. Results of continuous wavelet indicate that we observe comparatively a quite
stable variance in the long and very long run when compared to short and medium run
in both series of TD and CE. Results of wavelet coherence indicate that in short run we
observe the several different situations of in-phase relationship. From 2002–2007, we see
an in-phase situation where TD is leading (TD has a causal influence over CE). In the
medium and long run, we observe the in-phase relationship between TD and CE for the
entire period, where TD is leading. These findings of wavelet coherence approach
confirm that TD is majorly having the positive influence over CE in short, medium and
long run. We find the unidirectional influence of TD on CE in short run, medium and
long run in the United States. Results of wavelet-based Granger causality test also show
the unidirectional causal influence of TD on environmental degradation in short, medium
and long run.
The biggest problem of the tourism industry is its dependency on transportation and this
dependency is affecting the tourism sector as well as the economy because of the CO2 emis-
sions. Energy consumption in tourism is dominated by transportation activities, which is
associated with combusting fossil fuels and a consequential effect of greenhouse gas emis-
sions Therefore, the policy-makers should make those polices which not only decrease the
damaging effect of tourism activities but also help enhance the tourism contribution in
terms of economic growth. The main recommendation for the USA policy-makers are
that they should promote cleaner energies such as hybrid engines or even carbon-neutral
transport solutions for land transport as these are the most common transport used for
long-distance destinations and contributing a significant amount of carbon dioxide in the
environment.



































In addition to this, they should adopt those transportation rules which are well fitted in
their region because this will help them to reduce the environmental damage caused by the
tourism. The more attention should be given to air travel as by 2020, it has been seen as the
largest contributor of emission. Moreover, they should spend more money in R&D as this
will result in introduction of more fuel efficient technologies which will control the pol-
lution. Low-fare air travel is another sector that should be addressed, as it creates hypermo-
bile travel patterns, while spreading the idea that travel is possible at virtually no financial
cost. For an effective implementation of the enumerated policies, the government must play
a leading role, as government intervention and leadership are the most potent in combating
climate changes in most respects. Thus, the main recommendation for the policy-makers is
that they should orient these recommendations to limit the environmental damage caused by
tourism. However, it is imperative to ensure that environmental protection standards are not
pursued at the expense of policies in support of economic growth, including tourism-led
growth.
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Notes
1. http://www.e-unwto.org/doi/pdf/10.18111/9789284416899
2. Fan and Gençay (2010, p. 1307) documented that “Wavelet analysis circumvents the limitation of
the Fourier approach that could only be applied to analyze stationary time series.”
3. For details, see Ramsey and Lampart (1998a, 1998b).
4. The HWP is a pair of wavelet filters that are designed to be approximate Hilbert transform of one
another.
5. For further details of this approach, see Whitcher and Craigmile (2004) and Whitcher et al.
(2005).
6. The Daubechies’ (1992) “least asymmetric wavelet filter LA is a widely used wavelet, because it
provides the most accurate time-alignment between wavelet coefficients at various scales and the
original time-series, and it is applicable to a wide variety of data types”.
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